The aim of this study was to compare REML/BLUP and Least Square procedures in the prediction and estimation of genetic parameters and breeding values in soybean progenies. F 2:3 and F 4:5 progenies were evaluated in the 2005/06 growing season and the F 2:4 and F 4:6 generations derived thereof were evaluated in 2006/07. These progenies were originated from two semi-early experimental lines that differ in grain yield. The experiments were conducted in a lattice design and plots consisted of a 2 m row, spaced 0.5 m apart. The trait grain yield per plot was evaluated. It was observed that early selection is more efficient for the discrimination of the best lines from the F 4 generation onwards. No practical differences were observed between the least square and REML/BLUP procedures in the case of the models and simplifications for REML/BLUP used here.
INTRODUCTION
Early selection or screening is used in the improvement of autogamous species to assess the potential of progenies at early stages (F 2-, F 3-or F 4-). Progenies with a low potential for the traits of interest are therefore eliminated and the efforts focus on the potentially best genotypes (Fehr 1987) . This method is based on the premise that the performance of a progeny in early generations is a good predictor of the performance of the inbred lines derived thereof (Bernardo 2003) .
The linear mixed models based on REML/BLUP procedure modified the estimates of components of variance and genetic parameters (Resende et al. 1996) . Previously, by the least square method, the covariances were estimated and interpreted in terms of their mathematical expectation (fitting them to the expected values), resulting in the components of variance. For this purpose, some assumptions had to be made: additivity model, normal data distribution, independence and homogeneity of errors. Currently, the variance components and the variances of random effects in ADF Carvalho et al. linear mixed models can be estimated directly in the data set, where it is not necessary to meet the assumptions above. Henderson (1974) cites two restrictions to the least square application: i) inability to estimate the breeding values of non-observed individuals; ii) only certain linear combinations of parameters can be estimated. Moreover, the linear mixed model is a flexible instrument in the estimation and prediction of genetic parameters and values, because it can be applied to unbalanced data from different generations.
Panter and Allen (1995) compared statistical procedures in the evaluation and selection of the best crosses in soybean, under different selection intensities and imbalance levels in the data set. They obtained correlation coefficients between the observed progeny means and predicted values of 0.74 and 0.61, by BLUP and least squares, respectively, indicating a greater consistency in BLUP.
In studies conducted by Resende et al. (1996) , Farias Neto and Resende (2001) and Resende et al. (2001) in other plant species, procedures to estimate the components of variance and predict breeding values were compared and similar results were found for the effects of genotype ranking for ordinary least squares, generalized least squares, best prediction, best linear prediction, and the best linear unbiased prediction in situations with balanced data and homogeneity of variance, but not in the estimation of genetic variance components and prediction of genetic values. These authors claim that in any situation of balanced or unbalanced data, the components of variance estimation by restricted maximum likelihood (REML) and the breeding value prediction by the best linear unbiased prediction (BLUP) are equal or superior to the other procedures, so the REML/BLUP is currently recommended for studies in quantitative genetics.
The aim of this study was to compare the REML/ BLUP and Least Square procedures in the prediction and estimation of genetic parameters and breeding values of soybean.
MATERIAL AND METHODS

Plant material and trial
Two semi-early experimental lines that differ in grain yield were used (lines 24-14 and 24-38), from a soybean breeding program of the department of genetics of the Escola Superior de Agricultura Luiz de Queiroz, Universidade de São Paulo. The cross between these two lines resulted in the F 1 generation, which was selfed naturally in a greenhouse to generate the F 2 generation seeds. These in turn, were sown in a greenhouse and harvested individually for the 100 F 2:3 progenies. Similarly, the F 4:5 generation was obtained. From each F 2 plant a pod was randomly taken as well, which was bulk-harvested, resulting in the F 3 and then the F 4 generations.
The 100 progenies of each of the F 2:3 and F 4:5 generations were the basic material for evaluation in the 2005/06 growing season, which were grown at the experimental station of the department of genetics of the ESALQ/USP. The generations F 2:4 and F 4:6 derived thereof were evaluated in the 2006/07 growing season, at the experimental stations of the department of genetics and of Anhembi, Piracicaba/SP (lat 22º43' S; long 47º36' W, 543 m asl). The experimental design used was the lattice square, with a triple replication of the F 4:5 and a double replication of the other generations. The experimental plots consisted of one row of 2 m with 0.5 between-row spacing. The cultural treatments during the experiments followed the technical recommendations for soybean in the state of São Paulo, Brazil. The trait evaluated was grain yield per plot. None of the experiments showed any degree data imbalance.
Genetic-statistical analysis by least squares
For the statistical analyses by the least square procedure the GLM Procedure (PROC GLM) of the computer system Statistical Analysis System (SAS) version 8.1 were used.
The statistical model used for individual analysis is shown below, where all effects, except the mean (m), were considered random:
where, Y ijk is the observed value m is the general mean t i is the progeny effect (i = 1, 2, ... 100) r j is the replication effect (j = 1, 2 , ... 3 or 4) b k(j) is the block effect within replications (k = 1, 2, ... 10) e ijk is the experimental error
The estimates of responses to selection (Rs) were obtained by the following estimator: where i is the selection index, based on standard phenotypic deviation; is the broad-sense heritability and is the standard phenotypic deviation.
The genetic correlations between generations were calculated according to the procedure described by Cruz and Regazzi (2001) .
Genetic-statistical analysis by REML/BLUP
The fixed effects were estimated and the random effects predicted using the Mixed Procedure (PROC MIXED) of the computer system Statistical Analysis System (SAS) version 8.1, following a linear mixed model, described by Henderson (1984) : y= Xr + Za + Wb + e where, y is the phenotypic data vector r is the vector of replication effects (fixed), added to the general mean a is the vector of genetic effects (random), where, a Ñ (0,G) and b is the vector of block effects (random) e is the vector of residues (random), where, e ~ N(0,R) and
. The capital letters represent the matrix incidences for these effects, formed by values 0 and 1, which associate the unknown r, a and b with data vector y, respectively.
Vector r contemplates all replications of all places, in other words, the effects of location and replication within locations.
In the mixed models focus, G refers to the matrix of genetic covariances between the progenies, designated . For A the parentage coefficient was disregarded here, therefore the matrix G was designated , where A=I. Thus, is equivalent to the genetic variance between progenies.
If the estimates of variances of the random effects are known, the fixed effects can be estimated and the random effects predicted simultaneously by the mixed model equation (MME) given by:
For the above solutions, the genetic and nongenetic components of variance were considered unknown, which is a practical reality, and were estimated by the restricted maximum likelihood method (REML). Once the REML is an iterative process, the numerical algorithm known as Expectation Maximization (with alternating steps of expectation and maximization) was used, which characterizes the algorithm as EM-REML. Thus, from arbitrary initial values to and (block variance), solutions for , and are obtained. These solutions are used to obtain new estimates of the components of variance and so on, until the convergence is reached.
The response to selection by REML/BLUP was predicted by the mean breeding or genetic values of the selected progenies. The estimates of the genetic coefficient correlations between generations as well as the broad-sense heritability were calculated by the method proposed by Resende (2002) .
The confidence intervals for the components of variance and the broad-sense heritability coefficients were obtained using the method proposed by Barbin (1993) and the method developed by Fisher, as described by Sokal and Rohlf (1995) , was used for the correlation coefficients.
RESULTS AND DISCUSSION
In a comparison of the genetic variances estimated by both statistical procedures, those obtained by REML/BLUP in the generations evaluated in only one environment (F 2:3 and F 4:5 ) were higher. An opposite effect was observed in generations evaluated in two environments (F 2:4 and F 4:6 ), but did not differ significantly (a = 0.05) when their confidence intervals were considered (Table 1) .
The performance of the broad-sense heritability coefficients of the plot means and the estimates of genetic variances were the same by both statistical procedures. When the confidence intervals were considered the differences were not significant either (a = 0.05) (Table 1 ). An important function of heritability, according to Falconer and Mackay (1996) is the role in genetic gain as estimator of the breeding value according to the selection expressed by the phenotypic value. However, better responses to selection are not necessarily associated with traits of high heritability.
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For example, the narrow-sense heritability can be high regardless of a low additive genetic variance, provided that the environmental effect is also small. For the evaluation of heritability as indicator of prediction, the breeder must above all know how much of the differential selection is expected in the gain. For traits of high heritability along with a high differential of selection, larger gains are therefore expected.
The estimates of genetic correlations (r g ) and their confidence intervals in the F 2-and F 4-generations and the generations derived thereof were highly significant (p = 0.01) and positive by the two statistical procedures (Table 2 ). In the literature, results of studies involving early generations to predict the performance of homozygous generations are inconsistent, and in many cases the genetic correlations between these estimates are low and insignificant (McKenzie and Lambert 1961 , Briggs and Shebesky 1971 , Knott and Kumar 1975 . Probably the lack of r g in early generations in early selection stages, such as F 2-and the lines derived thereof is due, among other factors, to the high frequency of loci in heterozygosis and the high variability within progenies. Therefore, the testing and selection of progenies in more advanced generations such as F 4 seems more promising.
Considering the estimated gain selection obtained by the two procedures and the gains based on the performance observed in advanced generations (Table  3) , it was stated that under higher selection intensity in the F 2:3 generation, the REML/BLUP and least squares estimated similar gains for the F 2:4 generation. These values are however discrepant in relation to the observed selection gains. This discrepancy between the estimated and observed in both statistical procedures decreases as the selection index is reduced. At a selection intensity of over 30%, both estimate similar values to those observed. On the other hand, in the F 4:5 (selection) and F 4:6 generations (gain), the estimated results of both procedures were similar to each other and to the gains, at selection intensities between 10 and 40%. This shows that less biased estimates are obtained from the F 4-generation. Moreover, this indicates that the response to selection in the F 2generation, in spite of efficient, was less accurate than in F 4-.
The response to selection depends on the estimates of genetic and phenotypic variances of a population. This has a considerable effect on early generations, since it is impossible to evaluate appropriate number of replicates and locations in breeding programs to ensure reliable estimates of the phenotypic and genetic parameters in these generations. It is further known that the two procedures (REML/BLUP and least squares) can result in rather divergent classifications when a set of treatments from different populations is considered, since the mixed model approach uses information on the genetic variability, even in the presence of orthogonality and balancing (Duarte and Vencovsky 2001) . Moreover, in normal situations of incomplete blocks, subject to planned or not planned imbalance (as is the case here, where the lattice design was used) even changes in classification within a same population are expected, which has a strong impact on selection.
Based on the results of our study, it was concluded that the two statistical procedures did not differ significantly (a = 0.05) in any of the situations analyzed, which reinforces results of Farias Neto and Resende (2001) . According to these authors, in the case of a balanced data set the REML/BLUP and least square procedures lead to identical results, whereas in cases of a slight imbalance results tend to be similar. However, further studies should be conducted in this direction, because the use of predictive techniques not only relevant, but also a viable possibility for time and cost savings in the evaluation of progenies in a breeding program.
CONCLUSIONS
No practical differences were observed between the least square and REML/BLUP procedures with the models and simplifications adopted for REML/BLUP here.
Estimação e predição de parâmetros e valores genéticos em soja utilizando REML/BLUP e quadrados mínimos
RESUMO -O objetivo deste trabalho foi comparar os procedimentos REML/BLUP e quadrados mínimos na estimação e predição de parâmetros e valores genéticos em progênies de soja. Foram avaliadas progênies F 2:3 e F 4:5 no ano agrícola 2005/06 e suas gerações derivadas F 2:4 e F 4:6 em 2006/07. Essas progênies são derivadas de duas linhagens experimentais de ciclo semiprecoce e contrastantes para a produção de grãos. Os experimentos foram delineados em látice, sendo a parcela experimental constituída de uma linha de 2 m espaçada de 0,5 m. O caráter avaliado foi a produção de grãos. Foi observado que o processo de seleção em gerações precoces apresenta maior eficiência na descriminação das melhores linhagens a partir da geração F 4-. Sob os modelos e simplificações adotadas para o REML/BLUP, os procedimentos quadrados mínimos e REML/BLUP não apresentaram diferenças práticas.
Palavras chave: modelos mistos, seleção precoce, Glycine max. Table 3 . Estimates of responses to selection predicted and observed for the grain yield obtained by the least squares and REML/BLUP procedures *Percentage of selected progenies.
